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Sequence diagram and correlated motion groups
The CsgA subunit structure used in this study was obtained from researchers at the University of Copenhagen (47) . A diagram of the sequence can be found in fig. S1 , showing the sequence position, and moiety of amino acids within the structure. Clusters of residues that exhibit correlated motion through our analysis are shown in fig. S2. fig. S1. Sequence diagram of curli subunit CsgA. Residue names are labeled by color per feature (aromatic, charged, polar, etc.) , and outlined in black for residues located inside the helix core. Betastrand repeat units are marked in dark grey in the sequence position (solid border), and conserved residues (Ser, Gln, Asn, Gln) are highlighted vertically in light grey and a dashed border. The "X" sequence position at 30 demarcates a glycine amino acid present in experimental work using ssNMR (50) that is not present in our model or other studies detailing sequence (14). This position is included because we use the same numbering sequence in our analysis. As this residue is located within the unstructured N terminus, its exclusion does not affect the overall beta-helix structure.
Interactions between tyrosine and silica
fig. S2. Tyrosine interactions with silica. Near silica, Tyr reorients its polar hydroxyl group from a like partial charge on the silica surface (a) to buried among opposite partial charges (b). Although the total energy is attractive while the hydroxyl group is poorly positioned (a), the electrostatic contribution is repulsive. Reorientation results in a more favorable interaction energy. The minimum energy configuration for Tyr in CsgA interacting with silica does not include a parallel-stacked aromatic ring on the surface as with graphene. Rather, the hydroxyl group near many opposite partial charges causes Tyr to orient normal to the surface.
Energetic contributions on silica fig. S3. Energetic contributions summed by type on silica and maximum energetic repulsions with
the silica surface. The mean nonbonded interaction energy of residues on the silica surface is separated by contribution from van der Waals (VDW) and electrostatic interactions for silica. Graphene only encounters van der Waals contributions. Energies are only taken for residues interacting with the surface (defined as having at least one atom within 5.5 Å of the surface) and from the last 20 ns of each trajectory. In (b), the maximum value of each computed energy (VDW, electrostatic, total) from throughout all conformations sampled was found between each residue and the surface. Maximum values below zero indicate no repulsive energies, only weak attractive energies. Together, these plots may serve as a guide in selecting residues to strengthen or weaken interactions with a silica surface.
RMSF of CsgA
Calculations of root mean square fluctuation (RMSF) were conducted to observe residue mobility, and can be found in fig. S4 . All RMSF values were calculated using data from the entire trajectory, and were averaged across surface types. Internal RMSF is measured by observing the change in XYZ coordinates in the protein transformed to its original positionit therefore takes internal vibrational motion into account, but not translational. Local peaks in RMSF for both surfaces correspond to flexible regions such as turns, or termini. In addition to flexible regions, residues with strong interactions with either surface may contribute to increased RMSF by increasing mobility.
Regions with relatively high RMSF occur within the N terminus (residues 20-43), and along turns.
Mean RMSF for residues within the N-terminus is 2.85 Å and 2.91 Å for graphene and silica, respectively. The C terminus had RMSF means of 1.53 Å and 1.35 Å, again indicating higher mobility than other regions. In turns, the mean RMSF is 1.065 Å for graphene and 0.96 Å for silica. Beta-sheets experienced the least mobility, with RMSF values of 0.93 Å and 0.81 Å for graphene and silica.
Translational RMSF is measured by RMSF only in the XY direction (Z is normal to the surface), and without transformation of the protein to the original orientation. This is intended to measure the degree to which the protein translates on the surface. The mean translational RMSF for graphene (8.2296 Å) was roughly twice that of silica (4.743 Å). This indicates that although CsgA on the silica surface encounters strong electrostatic attractions, CsgA interacting with a smooth surface is able to sample a much larger configurational space as it translates, increasing the probability of finding a minimum energy configuration on the surface. While global interactions that move the protein across the surface may contribute to increased translational RMSF, residues hindering motion may, in return, suppress the RMSF. 
B-Factor loss in response to surface contact
B-factor is calculated for each atom, and for each residue, the average B-factor of all atoms within the residue is calculated. The initial and final B-factors per atom over the course of the adsorption trajectory were calculated from the average of the first and last 1250 ps. These average initial and final B-factor values were only used for trajectories in which that residue contacted the surface in the final state. The change in B-factor during adsorption for each residue can be found in fig. S6 . This loss of B-factor during adsorption is attributed to "caging" effects from the surface presence, and is particularly prominent for regions with high local flexibility.
fig. S6. B-Factor decrease during adsorption.
Here we can see that residues 31-38 have the largest decrease in B-factor during adsorption. This segment corresponds to the part with the greatest internal RMSF, and marks a region that is particularly flexible consisting of multiple Gly and Asn residues.
These residues show reduced B-factor as a result of surface adsorption in all trajectories, on both surfaces. "Caging" is also seen to be most prominent in the N-terminus, where B-factor correlations with other residues are also the strongest. fig. S7 . Definition of clusters by residue ID. Clusters are defined by collective motion in the form of correlated changes in B-factor and beta-sheet membership. Regions within the CsgA structure are labeled in italics. Sets of residues are assessed in terms of responsiveness to surface contact, both within that particular set, and other sets of residues. Residue 64 is shown to participate in correlated motion in both clusters 17 and 18. Clusters 16-18 are not within a beta-sheet face, but align in a similar fashion, and exhibit correlations. Residues on the opposite side do not align uniformly, and are also glycine-rich, and are therefore excluded from correlation analyses.
Equilibration results of chiral models
Left-and right-handed models of CsgA were simulated within a water box in an attempt to select a model for use in simulations of the protein adsorbing onto a surface. Given the large cost of explicit water all-atom simulations, we had to select one chirality (i.e. the left-handed) of the CsgA for use in all simulations in this study.
To examine whether one of the models is more stable, the left-and right-handed models of the CsgA subunit were minimized for 10,000 steps and equilibrated in a neutralized water box for 30 ns using the NPT ensemble. These were analyzed in regards to mobility and total energy of the protein. Both left-and right-handed equilibration results experienced similar Root Mean Square Deviation (RMSD) values, as well as solvent exposure of backbone alpha carbon residues. This indicates a comparable degree of unfolding between both models from their initial structure. Energetic contributions from only the protein were calculated for each model and can be found in fig. S8 . All values (including bond, angle, dihedral, improper, electrostatic, van der Waals and conformational) were within 5% for both models, except for the total energy, which was lower for the left-handed model (−34.7 kcal/mol compared with −9.6 kcal/mol for right-handed). Researchers at Univ. of Copenhagen, who were also unable to discern the handedness of the protein, noted energetic similarities between both chiral models as well (47). The leftand right-handed structures had opposite trends in RMSF regarding sequence positionthe flexible coil and turn region in the left-handed subunit begins with residue 40 (Gly region), but at residue 151 (Tyr) in the right-handed structure. Additionally, the right-handed structure had a quicker breakdown of betasheets in the secondary structure (near residue 40). The overall RMSF of the right-handed structure was slightly larger, at 0.0152, compared to 0.0113 for the left-handed structure. Both left-and right-handed models have comparable fractions of hydrophobic residues within the core, and polar residues exposed on the surface. Because of the similarities in structure and energetic calculations, we proceed through the rest of the simulations with the left-handed model. We note that residue-specific adhesion mechanisms, the focus of this study, are unlikely to be sensitive to choice of chirality. However, the exposed surface groups on the protein varies with chirality, which could play some role in the adhesion energies.
fig. S8. Equilibration results of left-and right-handed CsgA. Energy is calculated for interactions
only within the protein and itself (A) and for protein-protein interactions combined with protein-water (B). Among protein-protein interactions, we assess energies contributions from bonds, angles, dihedrals, and improper interactions, grouped together as conformational energies. Within only the protein, results are within 5% for all energies, except the total energy (which is lower for LH model at −34.8 kcal/mol compared with −9.6 kcal/mol). Regarding protein-water interactions, the right-handed model had a lower electrostatic energy (−3901.7 kcal/mol compared with −3609 kcal/mol for the LH model), while the left-handed model had lower van der Waals interactions (−351.6 kcal/mol for LH model compared with -335 kcal/mol). These results indicate that the chiral structures are likely similar in stability. In the interest of computational time, we use of a single chirality (left-handed) of the CsgA model in this study.
